The 2009 International Society of Urological Pathology consensus conference in Boston made recommendations regarding the standardization of pathology reporting of radical prostatectomy specimens. Issues relating to the substaging of pT2 prostate cancers according to the TNM 2002/2010 system, reporting of tumor size/ volume and zonal location of prostate cancers were coordinated by working group 2. A survey circulated before the consensus conference demonstrated that 74% of the 157 participants considered pT2 substaging of prostate cancer to be of clinical and/or academic relevance. The survey also revealed a considerable variation in the frequency of reporting of pT2b substage prostate cancer, which was likely a consequence of the variable methodologies used to distinguish pT2a from pT2b tumors. Overview of the literature indicates that current pT2 substaging criteria lack clinical relevance and the majority (65.5%) of conference attendees wished to discontinue pT2 substaging. Therefore, the consensus was that reporting of pT2 substages should, at present, be optional. Several studies have shown that prostate cancer volume is significantly correlated with other clinicopathological features, including Gleason score and extraprostatic extension of tumor; however, most studies fail to demonstrate this to have prognostic significance on multivariate analysis. Consensus was reached with regard to the reporting of some quantitative measure of the volume of tumor in a prostatectomy specimen, without prescribing a specific methodology. Incorporation of the zonal and/or anterior location of the
The 2009 International Society of Urological Pathology consensus conference in Boston made recommendations regarding the standardization of pathology reporting of radical prostatectomy specimens. Issues relating to the substaging of pT2 prostate cancers according to the TNM 2002/2010 system, reporting of tumor size/ volume and zonal location of prostate cancers were coordinated by working group 2. A survey circulated before the consensus conference demonstrated that 74% of the 157 participants considered pT2 substaging of prostate cancer to be of clinical and/or academic relevance. The survey also revealed a considerable variation in the frequency of reporting of pT2b substage prostate cancer, which was likely a consequence of the variable methodologies used to distinguish pT2a from pT2b tumors. Overview of the literature indicates that current pT2 substaging criteria lack clinical relevance and the majority (65.5%) of conference attendees wished to discontinue pT2 substaging. Therefore, the consensus was that reporting of pT2 substages should, at present, be optional. Several studies have shown that prostate cancer volume is significantly correlated with other clinicopathological features, including Gleason score and extraprostatic extension of tumor; however, most studies fail to demonstrate this to have prognostic significance on multivariate analysis. Consensus was reached with regard to the reporting of some quantitative measure of the volume of tumor in a prostatectomy specimen, without prescribing a specific methodology. Incorporation of the zonal and/or anterior location of the Compared with those of the prostate-specific antigen (PSA) screening era, contemporary prostatectomy series have shown a sharp increase in the proportion of organ-confined (pT2) prostate cancers, and these constitute a great majority of cases reported in Europe and North America. 1 Within category pT2 prostate cancers, a wide variation in tumor extent may be seen, which varies from single microscopic lesions to large volume multifocal tumors, often involving both sides of the prostate. This heterogeneity of tumor volume of pT2 prostate cancers and the potential impact on prognostic assessment has resulted in attempts to subcategorize organ-confined tumors. To date, few publications have addressed the prognostic impact of each of the defined pT2 substages, while most evaluate the prognostic impact of biomarkers in relation to an aggregated pT2 category, and with pT3a/pT3b cancers. In the recently released TNM 2010 staging system, 2 the clinical and pathological substaging of pT2 prostate cancers has been retained, although the prognostic value of this has been questioned. 3, 4 The standard reporting of prostate cancer volume/ size remains a contentious issue. In particular the controversy has been fuelled by the concerns of many pathologists that the introduction of timeconsuming and elaborate methodologies for assessing tumor volume would add little to outcome assessment in individual cases of prostate cancer, while contributing significantly to an ever-increasing workload. In this report, we review the current literature on the prognostic impact of quantitation of tumor volume and/or size, taking into account the various objective and subjective methods of assessment currently employed.
Although the terms index tumor and dominant tumor are in common use in the literature, the validity of this concept is under scrutiny. [5] [6] [7] As a consequence it was decided to seek clarification as to the understanding of these terms and, if necessary, make appropriate recommendations to clarify misconceptions. Finally, the significance of reporting on the zonal/anterior localization of the dominant or index tumor was discussed and opinions were sought as to whether or not this feature should be routinely documented in the pathology report.
International Society of Urological Pathology Consensus Conference
In order to identify the methods and practices most commonly employed by urological pathologists worldwide, a web-based survey on handling and reporting of radical prostatectomy specimens was distributed to 255 members of the International Society of Urological Pathology.
The International Society of Urological Pathology survey was followed up with a consensus conference held in conjunction with the 2009 Annual Scientific Meeting of the United States and Canadian Academy of Pathology held in Boston, Massachusetts. The aim was to obtain consensus relating to the handling, staging and reporting of radical prostatectomy specimens. Those who completed the electronic survey were invited to attend the consensus conference, which was held on 7 March. The detailed process related to the survey and consensus meeting are reported in an introductory paper. 8 Representatives from five working groups appointed to coordinate the consensus process presented background information and results from detailed literature reviews to the meeting. The survey results were then discussed with the objective of achieving agreement on controversial issues. Following this, a ballot was taken on a series of questions, which was designed to address these controversial issues, and an achievement of 65% agreement on voting was considered to be consensus. With a few exceptions, there was agreement between the survey results and the consensus conference results. The results of the individual working group reports related to specimen handling, extraprostatic extension, seminal vesicle and lymph node involvement and margin status are reported separately. [9] [10] [11] [12] Many recommendations of this consensus conference have already been incorporated into international guidelines, including the recent College of American Pathologists protocol and checklist for reporting adenocarcinoma of the prostate and the structured reporting protocol for prostatic carcinoma from the Royal College of Pathologists of Australasia. 13, 14 pT2 substaging
Clinicopathological Rationale for pT2 Substaging
The objective of staging is to (1) group malignancies, which have an apparently similar prognosis, so as to inform a uniform therapeutic approach; (2) assist clinical trials and research studies by defining homogeneous patient populations; and (3) promote the international comparability of clinicopathological data from hospitals and research groups.
In general, pathological substaging of tumors should maintain symmetry with clinical substaging, thus allowing direct comparison of cases. For prostate cancer this is difficult, especially for T2 tumors, as assigned clinical staging is a reflection of the detection methods employed. In particular the clinical substaging of T2 tumors is based on the extent of the abnormality detected during digital rectal examination (DRE) or demonstrated from transrectal ultrasonography (TRUS). In the 1997 revision of the TNM system, 15 the clinical and pathological substaging of T2 cancers was simplified by the merging of palpable tumors occupying less than half of one lobe, with larger ones, into the single category of pT2a (Table 1) . Following the adoption of this revised staging system, it was noted that clinical substaging, according to the 1992 classification, conveyed superior prognostic information to that of the 1997 classification. In particular, it was found that on digital examination cT2a tumors were able to be distinguished from cT2b and cT2c cancers. 16, 17 In view of this, the 2002 TNM clinical and pathological substaging of organ-confined (pT2) prostate cancers was redefined to distinguish unilateral cancer involving less (pT2a) or more (pT2b) than half of one lobe, from bilateral (pT2c) prostate cancers 18 ( Table 1 ). The pT2 substaging remained unchanged in the now adopted 2010 TNM system. 2 In contrast to the clinical substaging of T2 cancers, the pathological substaging of tumors by either the 1997 or 2002/2010 TNM systems does not convey prognostic information. 19, 20 Further, the correlation of clinical and pathological substaging of T2 cancers is poor 21, 22 and, in particular, it has been shown that clinical substaging by DRE and TRUS results in understaging of pT2 tumors. 4 As defined, clinical T2 substage of prostate cancers indirectly divides cases according to the likelihood of understaging and in this way clinical substaging seems to stratify a heterogeneous group of clinical stage T2 patients. 23 This, however, does not hold true for the pathological substaging of pT2 cancers, as these cancers seem to represent a clinically (but not necessarily pathologically) homogeneous group with an overall good prognosis. 19, 24 From a biological perspective the current criteria for pT2 seem somewhat confusing. Multifocality of prostate cancer is commonplace, being found in 80% of prostatectomy specimens. 7 The fact that in many cases this is only detectable histologically is a major confounder of the pT2 substaging system. A single unilateral large tumor would, for instance, be assigned a lower pathological stage than two small, bilateral cancers ( Figure 1 ). Thus, it can be argued that substaging of pT2 cancers, using current criteria, lacks any rationale.
Technical Aspects of pT2 Substaging
In reports to date, there is a large variation in the distribution of TNM 2002 pT2 substages among different prostate cancer series, with pT2b varying from 0 to 19.1% of cases. [24] [25] [26] This observation points at a lack of uniform criteria used to define pT2 substaging, giving rise to poor reproducibility. In particular, the criteria to distinguish prostate cancers involving less than a half lobe from those involving more than a half lobe are not well defined and are not applied consistently. It appears that some pathologists employ a visual estimate method, 25 whereas others use a point counting method 26 or count the number of slides that are cancer positive and cancer negative, 16 in order to differentiate pT2a from pT2b tumors.
Surprisingly, the majority (74%) of pathologists who responded to the pre-meeting survey considered pT2 substaging clinically and/or academically relevant (Table 2 ) and we would suggest that this provides some explanation for the observation that reporting of pT2 substaging is widely employed in current practice. The survey results further confirmed the findings prevalent in the literature that the frequency of reporting of pT2b prostate cancer varies widely among pathologists, ranging from o5% to 420% of reported cases. Of interest, the largest group of respondents, representing slightly less than half of the total number of participants, indicated that they reported tumors as pT2b prostate cancers in o5% of cases. The survey further demonstrated that the techniques used to distinguish pT2a from pT2b were variable, although the majority of respondents reported that they used a slide counting method ( Table 2) . The survey clearly demonstrated that most pathologists assign a pT2c stage to bilateral prostate cancers, regardless of the size of the cancer contralateral to the dominant or largest tumor. Of the surveyed pathologists, 48% noted that they would add a comment to the report, in the case of a pT2c prostate cancer in which there was a large dominant nodule, with one or more very small and probably clinically insignificant contralateral foci of tumor.
At the consensus conference the validity of the current pT2 substaging system was discussed after the presentation of background data. The majority (65.5%) of participants felt that the current pT2 substaging of prostate cancers should be discontinued. If the pT2 category was to be maintained, the majority of participants preferred to see a return to a two-tier subcategorization for pT2 (unilateral versus bilateral prostate cancer) as defined in the 1992 TNM classification. A consensus was achieved for the view that a minimum size or volume measure should be employed as a cutpoint to distinguish unilateral (pT2a) from bilateral (pT2c) cancers, although no agreement was reached as to the defining value of such a cutpoint (Figure 2 ). It was proposed that for a tumor to be classified as pT2c, the contralateral tumor should be at least 1 cm in diameter (approximately equal to 0.5 ml). It was argued that this would be consistent with the criteria employed for clinical T2 substaging; however, no consensus was reached on this proposal.
The consensus conference concluded that consensus was reached to discontinue the use of the current pT2 substaging system. In view of the lack of clinical significance of the current (TNM 2002/2010) pT2 subcategories, there was general agreement in the subsequent discussion for the recommendation Tumor volume of prostate cancers in radical prostatectomy specimens has been correlated with histological grade, stage, tumor progression and patient survival. Tumor volume has also been shown to predict the development of metastasis, seminal vesicle invasion and extraprostatic extension of tumor. [27] [28] [29] [30] [31] Some studies have shown the percentage of prostatic tissue involved by tumor to exhibit a stronger association with pathological stage and tumor progression than tumor volume. 29, 30 A recent study has further demonstrated that cancer volume was an independent predictor of overall survival in patients with prostate cancer, although no data on prostate cancer specific mortality were provided. 32 Some reports provide evidence that measurement of the volume of the dominant or index tumor alone is an equally powerful predictor of prognosis as volume assessment of all tumor nodules in a prostatectomy specimen. 33 Although the prognostic significance of quantitation of prostate cancer volume and the proportion of prostate gland tissue involved by carcinoma is not disputed, few studies are able to provide evidence that parameters reflecting prostate cancer volume are of significance, independent of Gleason score, pathological stage and surgical margin status. [34] [35] [36] [37] The study by Stamey et al 34 was undertaken on a series of prostatectomy specimens that antedated the PSA screening era, and for this reason tumors in this series were much more advanced than those currently identified in the current era of patient and physician directed screening. More recently Eichelberger et al 37 did demonstrate that measurement of the maximum diameter of the dominant tumor has independent prognostic value. However, it should be noted that in this series the patients had very short follow-up, with a median follow-up interval of only 12 months. As a consequence, in this report, surgical margin status failed to reach significance as a predictor of biochemical failure. The earlier study by Renshaw et al 35 that demonstrated the independent significance of maximum tumor diameter of the largest tumor focus was followed by a more recent study from the same institution on a larger cohort of patients. In this series, which incorporates surgical margin status in the multivariate analysis, tumor volume failed to achieve significance as an independent prognostic factor. 38 Several other studies have similarly been unable to demonstrate the independent significance of tumor volume as a prognostic factor for prostate cancer. [39] [40] [41] [42] [43] [44] [45] [46] In conclusion, all studies reported to date demonstrate that parameters of prostate cancer volume correlate with other prognostic features, but that the independent prognostic value of this parameter remains uncertain.
To justify reporting of a prognostic parameter in routine clinical practice, it is necessary to demonstrate its predictive value independent of other established prognostic parameters. Further, the prognostic significance of the parameter needs to be to the extent that the clinical value of the information derived from it justifies the additional burden and expense associated with data collection. Imaging technology is now making such progress that visualization of most prostate cancers of a volume in the order of 0.5 ml is possible. It is envisaged that, in the future, further advances in imaging techniques will result in more accurate clinical estimations of the volume or the maximum diameter of the index tumor. It is anticipated that this will serve to reinforce the clinical rationale for incorporating a size-related staging parameter into pathological reporting of prostate cancers.
Measurement of Tumor Volume
A unified methodology for the measurement and subsequent reporting of cancer volume in radical prostatectomy specimens has long been seen as a controversial area of urological pathology. 43 No accepted standard for the measurement of tumor volume exists as its assessment is technically much more difficult than for most other organs. 47 Some institutions calculate tumor volume using computer-assisted image analysis systems; 47, 48 however, as this method is not appropriate for routine clinical practice, alternative methods have been proposed. These methods include streamlined three-dimensional volume estimation, 49 measurement of the diameter of the largest tumor focus, 37 ,38 assessment Single contralateral tumour, max diam 11 mm: pT2a or pT2c ? Figure 2 The effect of a maximum diameter threshold of the contralateral tumor on pT2 substage. If a 10-mm maximum diameter threshold of the largest contralateral tumor is used, only the lower prostatectomy specimen would be assigned as pT2c prostate cancer.
of maximum tumor area using a single or multiple slide approach, 50 counting of the number of involved blocks, 51 assessment of the positive to negative block ratio, 52 use of an integration measuring grid, 27 point counting, 53, 54 naked eye examination of the glass slides after all microscopically identifiable foci of carcinoma have been circled with a marking pen, 55 or, most simply, naked eye examination of sections without marking of tumor foci. 36 Authors of several landmark studies 34, 35, 37, 50 have put forward that measurement of size or volume may be limited to assessment of the largest tumor nodule in a prostatectomy specimen and a method that may be appropriate is measurement of the maximum diameter of the largest tumor nodule in the transverse plane, after delineating the edges of the tumor on the glass slide. 56 Potential complications for absolute measurement of tumor diameter in volume may arise when (1) the tumor extends beyond the glass slide; (2) the prostate is not fully embedded; (3) tissue blocks are cut at irregular intervals; and (4) shrinkage of tissue occurs due to processing, which may vary between laboratories.
Both the pre-meeting survey and voting during the consensus meeting revealed widespread support for the incorporation of some form of tumor volume assessment into the pathology report of radical prostatectomy specimens (Table 3 ). There was a strong consensus at the meeting for the reporting of tumor size or volume, and delegates favored the recording of a numerical value rather than a subjective descriptor such as small or large volume tumor. It was noted that several synoptic protocols for the reporting of prostatectomy specimens now include the option of providing an assessment of tumor volume and there was considerable discussion regarding the effort pathologists should invest in deriving this parameter.
It was felt that in those laboratories where the preparation of whole-mount sections of prostate is routine, the performance of morphometric measurements of the dominant tumor would be relatively straightforward. Conversely, in laboratories that employ protocols that utilize incomplete embedding of prostatectomies, visual estimation of the proportion of cancer only may be feasible. The survey showed that o10% of respondents derive information on volume or size of prostate cancer through the use of a grid or by computer-assisted morphometry. Visual estimation was reported as the most common method used for volume assessment, and this was the second most frequently used technique after measurement of maximum diameter for the determination of tumor size (Table 3) .
At the consensus conference, voting was almost equally split on the proposal to adopt the measurement of maximum diameter of the dominant tumor nodule as a standard for reporting tumor size (Table 3) . It was, however, stated that in view of the potential importance of tumor size as a prognostic parameter, coupled with the recent advances in imaging technology, it may prove necessary to embrace more sophisticated methods for measuring tumor diameter. This was considered of some importance as some argued that tumor size may become more important as a defining parameter for both clinical and pathological staging. For patients with clinically insignificant cancers, defined as organ-confined (pT2), no more than 10 mm in diameter and no more than Gleason score 6, 57 the option was discussed to include a separate comment in the report in order to point out that these tumors are rarely, if at all, associated with biochemical failure, provided that the surgical margins of the prostatectomy specimen are negative. 58 Consensus was obtained that, as a minimum requirement for the reporting of prostate cancer in radical prostatectomy specimens, some quantitative estimate of cancer volume should be undertaken, the nature of which being dependent on routine practice within the pathology laboratory (Table 3 ). It was recommended that each laboratory should adopt a well-defined and standardized protocol and that this be used by all pathologists within the institution who report radical prostatectomy specimens. Further, based on the discussion, it was recommended that for tumors, which are considered to be clinically insignificant by established criteria, 57 specific mention should be made of this in the report.
Definition of index tumor
The concept of an index or dominant tumor was derived from the Stanford group who, after delineating the contours of prostate cancers on whole-mount sections, measured the volume of the largest tumor nodule and correlated this with outcome. 31 This concept is, however, now being challenged on two grounds. First, several subsequent studies have failed to demonstrate the independent prognostic significance of the dominant tumor nodule and, second, because the dominant nodule does not always represent the component of tumor having the highest Gleason score or the most advanced pathological stage. 7 There was no consensus as to the defining features of the dominant/index tumor in a radical prostatectomy specimen. Analysis of the voting results (Table 4) showed the greatest support for the concept that tumor size and Gleason grade are the two most important parameters to be considered when defining the dominant or index tumor. This would mean that if two tumor nodules each had a similar Gleason score, then the larger tumor should be considered to be the dominant or index tumor. In the case of two tumors nodules having differing Gleason scores, the nodule with the higher score should be considered to be the dominant or index tumor, regardless of size. Slightly less support was obtained for the suggestion that the dominant or index tumor should be defined on the basis of pT category.
It was agreed that the terms dominant or index tumor are context dependent (Figure 3) . When used to identify the component of a tumor whose volume/ size is considered as a prognostic parameter or a defining feature of pT2 substaging, the Stanford group definition of the tumor nodule having the largest size was considered to be most appropriate. Conversely, other features may influence the clinical importance of the largest tumor nodule and other nodules, and in particular, pT category and Gleason grade/score, may need to be included in the defining characteristics. It was suggested that the tumor with the highest grade and/or stage might also be more appropriately considered to be the dominant/index tumor for the purpose of correlating imaging studies with subsequent prostatectomy findings.
Zonal origin of prostate cancer

Clinicopathological Rationale for Reporting Zonal Origin of Prostate Cancer
Most studies have demonstrated that transition zone cancers have more favorable pathological features with lower Gleason score and pathological stage. These tumors also have a greater likelihood of a longer biochemical failure-free interval for patients whose tumors recur after attempted curative therapy than cancers originating from the peripheral zone. [59] [60] [61] [62] This longer biochemical failure-free interval appears to be independent of tumor volume. 59, 61 In a further series it was shown that, in spite of significantly higher PSA levels as well as greater tumor volume, when compared with those of peripheral zone cancers, tumors from the transition zone showed similar biochemical cure rates following radical prostatectomy. This again suggests a less aggressive phenotype for transition zone cancers when compared with tumors from the peripheral zone. 63 Contradictory findings have also been reported. In two studies comparing the distribution of Gleason scores in peripheral zone and transition zone cancers, no significant difference was noted in the proportions of Gleason score 6 and 7 carcinomas. 64, 65 Further, tumor-positive anterior and bladder neck margins were found to be more frequent in transition zone carcinomas than those from the peripheral zone. 61 Augustin et al 66 analyzed the zonal location of prostate cancers as a possible predictive feature of progression-free survival after radical prostatectomy. They reported that prostate cancers located in the transition zone were associated with a greater biochemical cure rate after radical prostatectomy, but that zonal location was not an independent prognostic factor on multivariate analysis.
From a clinical perspective, it is also important to determine whether there is involvement of the anterior part of the prostate, as cancers of peripheral or transition zone origin may also be predominantly located in the anterior prostate gland. 65 These tumors are less likely to be detected by standard biopsy procedures and may be associated with a higher incidence of margin positivity and increased risk of biochemical failure. 67 
Technical Aspects
The zonal origin of prostate carcinoma is more difficult to determine on standard sectioning of prostatectomy specimens when compared with whole-mount sections. Often prostate cancers involve both the peripheral and transition zone and under such circumstances the Gleason pattern (Gleason grade 2 versus 3) may assist in determining whether or not the tumor is of transition or peripheral zone origin. The presence of the largest proportion of a carcinoma in the transition zone might also be considered to be useful evidence that a tumor has arisen within the transition zone.
In the pre-meeting survey, respondents were equally divided on the question as to whether they routinely report the zonal origin of prostate cancers. During the conference, consensus was achieved for the recommendation that the zonal localization of the dominant/index tumor in prostatectomy specimens should be included in the pathology report. There was also consensus that the report should note when the dominant tumor involves the anterior portion of the gland (Table 3) .
It is recommended that, where possible, the location of the dominant or index tumor, however defined, be specified. It was also agreed that if the tumor is sited anteriorly, this should be documented.
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